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Abstract 
 
Japan has adopted several policies that signal its intent to rely on hydrogen to achieve net-
zero climate goals. However, many of those same policies are unclear about its support for a 
transition to green hydrogen. Relying on gray and blue hydrogen without a transition to 
green hydrogen will harm the climate. It will also result in several other lost international 
cooperation and local socioeconomic benefits. This paper argues that greater clarity about 
the transition to green hydrogen will help strengthen the alignment with Japan’s international 
climate strategy and local revitalization policies. It then proposes a set of recommendations 
that can clarify its support for transitioning to green hydrogen in national policies as well as 
international climate and local revitalization strategies.  
 
Keywords: hydrogen, co-innovation, net zero, green hydrogen, Japan, Asia 
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1. INTRODUCTION 

Many countries in Asia have demonstrated an interest in relying on hydrogen to 
achieve net-zero goals. This interest is warranted since Asia’s concentration of  
heavy industries and fast-rising transport emissions require alternative fuels. Japan has 
been at the forefront of these efforts. However, whether Japan’s hydrogen strategy 
contributes to ambitious climate goals remains an open question. The reason that 
question remains open is that Japan’s policies are unclear about intentions to transition 
from blue and gray to green hydrogen. 

This paper argues that greater clarity about the transition to green hydrogen will help 
Japan achieve international cooperation and local socioeconomic benefits. It then 
outlines recommendations that can clarify its support for transitioning to green 
hydrogen. Those recommendations include more precise language and tangible 
milestones for transitions in national policies. They also entail making clearer 
statements about the intent to support green hydrogen and related actions in 
international climate and local revitalization strategies that make that commitment 
credible.  

This above argument is not only important for policymakers but for several lines  
of research on hydrogen. One branch of relevant research underlines that hydrogen is 
not universally good for the environment. For instance, studies have used analysis  
to demonstrate that hydrogen strategies need to avoid negative impacts on local 
ecosystems and freshwater availability (Panchenko et al. 2023). Others have noted 
that while hydrogen in the energy mix could replace fossil fuels, gaps exist regarding 
the supply chain and hydrogen production in, for instance, the shipping industry and 
hydrogen fuel cell vehicles (Atilhan et al. 2021; Khan et al. 2021). Though informative, 
much of this work has a stronger technical than policy focus 

A second line of work is more strongly linked to policy. This includes earlier studies that 
advocated that Japan introduce long-term plans for increasing the share of hydrogen in 
its energy mix (Ohta and Abe 1985). A similar, more recent argument can be found in 
work on opportunities for collaborating with countries in Asia to overcome some of the 
aforementioned technical hurdles (Aditiya and Aziz 2021). While these studies shed 
important light on policy, they do not underline the multiple local and international 
cooperation benefits from committing to transition pathways supporting green hydrogen 
in Japan (and other countries in Asia).  

There is thus a significant gap in the literature. This paper fills this gap by not only 
examining Japan's hydrogen policies but also highlighting the benefits of transitioning 
to green hydrogen. It further examines the role of technology co-innovation in 
supporting mutually beneficial collaboration on green hydrogen between Japan and 
other countries in Asia. 

The paper is divided into seven sections. The following section gives a brief overview 
of the potential of hydrogen and the obstacles to achieving it, and the third section 
looks at Japan's national hydrogen strategies, while the fourth outlines the advantages 
of switching to green hydrogen. The fifth section examines Japan’s role in leading 
hydrogen economy in Asia. The sixth section offers policy recommendations and 
emphasizes how regional cooperation could support those recommendations. The final 
section concludes with a suggestion for further research. 
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2. HYDROGEN’S POTENTIAL IN, AND BARRIERS TO, 
TRANSITIONING TO A NET-ZERO ECONOMY  

Hydrogen has the potential to play a vital role in the transition to a net-zero economy, 
as it can be used as a clean energy carrier to store and transport energy from 
renewable sources such as solar and wind. It can also be used to decarbonize a 
variety of sectors, including transportation, industry, and heating, that are difficult to 
electrify using electricity alone. However, there are also significant barriers to the 
widespread adoption of hydrogen in the transition to net zero. These hurdles include: 
the high cost of producing “green” hydrogen using electrolysis and renewable energy; 
the lack of infrastructure for the production, storage, and distribution of hydrogen; and 
limited public awareness and understanding of hydrogen as a clean energy source. 
Despite these challenges, the potential benefits of hydrogen make it a potentially 
important driver in the transition to a net-zero economy.  

Hydrogen’s Potential to Transition to Net Zero 

The transition to hydrogen can help reduce emissions and achieve net-zero goals 
(IPCC 2018), particularly in sectors that are difficult to electrify. These sectors include 
industries such as steelmaking, high-temperature heating, and long-distance transport. 
In these areas, hydrogen can be used as a cleaner alternative to fossil fuels, reducing 
emissions from production processes. 

Hydrogen can also play a complementary role in the transition to renewable energy. 
The intermittent nature of renewable energy sources, such as wind and solar, can be  
a challenge to grid stability. Hydrogen can provide load balancing to smooth out 
fluctuations in demand and supply. Electrolysis, the process of splitting water 
molecules into hydrogen and oxygen, can be used to store excess electricity generated 
by renewable energy sources. When there is little wind or sun, stored hydrogen can 
then be burned in gas turbines to generate electricity.  

Power-to-gas (P2G) is another way that hydrogen can be used as a form of renewable 
energy storage. This surplus electricity can be used for green hydrogen production and 
then consumed when needed (Thorpe 2016). This hydrogen can then be deployed to 
generate electricity or as a fuel for transport and industrial purposes. Importantly, the 
use of hydrogen as energy storage does not incur any energy loss over long periods, 
thus reducing emissions. 

Hydrogen is potentially a key contributor to net-zero emission pathways globally (IEA 
2019; Hydrogen Council 2021), but its impacts are arguably most promising in Asia. 
The region is home to many rapidly developing economies that will require alternative 
fuels in many of the sectors mentioned previously. It is therefore not surprising that 
governments and private companies in Asia are investing (Hydrogen Council 2021a; 
BBC 2021; Government of UK 2021) in hydrogen domestically and supply chains 
regionally. 
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Barriers to the Development of Hydrogen 

While there is considerable potential for hydrogen in Asia, its widespread deployment is 
far from a foregone conclusion. One of the chief barriers to its spread is the issue of 
economics. The cost of hydrogen needs to be reduced across the hydrogen supply 
chain, i.e., production, transport, storage, and usage (IEA 2019). To contribute to 
decarbonization, hydrogen should be produced using green technologies. However, 
these methods add costs and uncertainty to the use of hydrogen as an energy source. 

To achieve a hydrogen-based energy system, significant investments in hydrogen 
production and infrastructure are required. Also, it is crucial to recognize that hydrogen 
can be produced from a variety of sources that would not reduce emissions, including 
fossil fuels and biomass. To achieve net-zero emissions, hydrogen has to be produced 
from clean sources like water and wind energy. There are also issues related to 
hydrogen transportation and storage—such as the lack of a comprehensive hydrogen 
infrastructure, the high cost of developing and maintaining hydrogen storage systems, 
and the lack of suitable materials for storing hydrogen in large quantities—though 
research and development are identifying ways to make hydrogen increasingly cost-
effective and easier to implement in large-scale systems.  

Another challenge—and the one most central to this paper—involves the impacts of 
hydrogen on climate change. Green hydrogen that is produced from renewables using 
electrolysis can help mitigate climate change. On the other hand, producing hydrogen 
from coal, oil, or gas is a carbon-intensive process and does not deliver climate 
benefits. Meanwhile, according to life cycle assessments, “blue” hydrogen produced 
from methane reformulation with carbon capture and storage (CCS) and blue ammonia 
produced from lignite reformulation with CCS are not considered environmentally 
friendly (Howarth and Jacobson 2021). If there are no clearly defined transition 
pathways, investing in only “gray” and “blue” hydrogen could stall a shift to cleaner 
forms of energy.  

In addition, some of the cost and sustainability barriers overlap. Figure 1 shows that  
the process of generating green hydrogen is expensive compared to the alternatives. 
The production cost of green hydrogen is estimated to be between USD2.5/kgH2  
and USD6/kgH2 in the short run (KPMG 2020). Improving the cost-efficiency of green 
hydrogen-producing technologies is a prerequisite for green hydrogen rollout (Otsuki  
et al. 2019). The good news is that some studies show progress on this front, with  
the lower range of green hydrogen becoming increasingly cost-competitive with blue 
hydrogen. As technologies improve and renewable power generation gets cheaper, 
green hydrogen is expected to become more affordable (IRENA 2022). 

Even when cost parity is achieved, the expansion of green hydrogen may still not be a 
preferred policy choice. For many countries, the priority may be satisfying the electricity 
demand from renewable resources. In Japan, for instance, the green hydrogen 
production cost is estimated to come down to USD2.4/kgh2 in 2050, but Japan is 
expected to use its renewable potential for power generation (IRENA 2022), and import 
hydrogen from outside the country. Developing a hydrogen economy thus necessitates 
the development of a hydrogen market and supply chain. 
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Figure 1: Levelized Cost of Hydrogen Production by Technology in 2021  
for Net-Zero Emissions by 2050 Scenario, 2030 and 2050 

 

Source: (IEA 2022). 

Another barrier is related to the current regulations and policies. While many countries 
have set ambitious targets for the deployment of green hydrogen, policies and 
regulations are still not fully supportive of its development. The lack of clear and 
consistent regulations and policies can make it difficult for companies to invest in green 
hydrogen projects. Additionally, in some cases, regulations and policies may not be 
conducive to the development of green hydrogen, making it less attractive for private 
investment. Similarly, a lack of public awareness and understanding of green hydrogen 
can also act as a barrier to its development. There is a need to educate and inform the 
public about the benefits of green hydrogen and its potential to play a crucial role in the 
transition to a low-carbon energy system. Additionally, addressing any misconceptions 
or concerns about green hydrogen can help to build support for its adoption. 

Overall, while there are challenges to be overcome, hydrogen has the potential to play 
a significant role in achieving global net-zero emission goals. Its use in various sectors, 
and its ability to store and transport energy, make it an essential piece of the net-zero 
puzzle. With ongoing investment and research, the potential for hydrogen to contribute 
to a low-carbon future is becoming increasingly clear. 

3. JAPAN’S HYDROGEN POLICIES AND STRATEGIES 

This section explores how Japan’s hydrogen strategy has managed the above barriers 
but also remained unclear on how it will transition to green hydrogen. While the focus is 
on Japan, it is worth pointing out that other countries in Asia are also promoting 
hydrogen. This may open opportunities for learning across countries (see Box 1).  
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Box 1: Hydrogen Strategies in Asia 

To date, a few countries in the Asia and the Pacific region have developed national hydrogen 
strategies or roadmaps: These include the Republic of Korea in 2019 and India in 2021, and 
in 2021, the People’s Republic of China (PRC) promulgated hydrogen strategies.  

• The Republic of Korea’s Hydrogen Strategy highlights several achievements. The 
country has gained a reputation for mass-producing hydrogen fuel cell electric vehicles 
since 2013 and has also had success with fuel cells development. In 2018, the release 
of commercial cars with the longest driving range was seen as a symbol of the Republic 
of Korea’s success in this field. 

• In 2021, India announced the National Hydrogen Mission, a strategy aimed at making 
the country a global leader in green hydrogen production and use. The mission is 
currently being developed and will have both short-term (4–10 years) and long-term 
goals. Its objectives include prioritizing and developing green hydrogen, using hydrogen 
as a storage option for renewable energy, meeting the energy needs of the industry with 
hydrogen supplies, reducing reliance on fossil fuels, and providing fuel for the 
transportation sector. The mission also aims to turn India into a global manufacturing 
hub for hydrogen and fuel cell technologies (MNRE 2021). The mission was approved 
by the Indian Cabinet in January 2023. The likely outcomes of the mission by 2030 
include: the development of a green hydrogen production capacity of at least 5 MMT 
(million metric tonnes) per annum with an associated renewable energy capacity 
addition of about 125 GW in the country; over eight lakh crore ($105.9 billion) in total 
investments; the creation of over 600,000 jobs; a cumulative reduction in fossil fuel 
imports over one lakh crore INR ($13.7 billion); the abatement of nearly 50 MMT of 
annual greenhouse gas emissions (PIB 2023). 

• In June 2021, the China Hydrogen Alliance released a white paper titled “Hydrogen 
Energy and Fuel Cell Industry in China 2020,” which estimates that the demand for 
hydrogen in the PRC will increase from 33.42 to 130 Mt by 2060. This increase  
in demand could assist the PRC in achieving its carbon neutrality goals. While the  
PRC has made significant progress in the development of renewable and clean 
technologies, it has not yet matched the progress made by Japan or the Republic of 
Korea in the hydrogen sector. 

The Hydrogen Basic Strategy also aims to establish international supply chains for 
hydrogen production, storage, transportation, and use to support the production of 
hydrogen abroad. As part of this strategy, several demonstration projects for the 
production and importation of carbon-free hydrogen have been launched.  

Since the development of the 2017 Hydrogen Basic Strategy, shifts in Japan’s broader 
climate policy have triggered a marked increase in interest in hydrogen. This interest 
began to rise in October 2020 when former Prime Minister Suga Yoshihide announced 
that Japan would achieve carbon neutrality by 2050. Since that announcement, 
renewable energy (RE) and hydrogen, as well as ammonia, have begun to feature 
more centrally in Japan’s energy plans. The growing role of these sources is illustrated 
in Japan’s Strategic Energy Plan, which projects that renewables would comprise 
50%–60%, while hydrogen and ammonia would make up 10% by 2050 (Figure 2). 
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Figure 2: Japanese Government’s Assumption of Power Generation Mix  
to Achieve Carbon Neutrality by 2050 

 

Source: By author, based on information in Green Growth Strategy Through Achieving Carbon Neutrality in 2050 
(Ministry of Economy, Trade and Industry 2021, p. 5) 

It further merits emphasizing that the estimates in the above graph could be  
adjusted based on other sources of energy. For instance, the future of 
nuclear/thermal+CCUS/carbon recycling has remained uncertain since the Fukushima 
nuclear accident in 2011. Moreover, the status of CCUS is uncertain, with a test plant 
in Hokkaido able to store only 0.3 million tons of CO2 whereas Japan’s CO2 emission 
from the power sector was 450 million tons of CO2 in 2018. Carbon recycling and 
power generation using hydrogen and ammonia are still under development, 
suggesting more uncertainty. 

Other strategies have suggested the importance of hydrogen—even given this 
uncertainty. According to Japan’s Clean Energy Strategy, the government estimates 
that the annual domestic hydrogen demand will be 3 million tons in 2030 and reach  
20 million tonnes in 2050. Currently, 2 million tonnes of hydrogen are produced as  
by-products from oil refinery plants. The strategy, therefore, aims to multiply the current 
amount of hydrogen tenfold by 2050 (see Figure 3).  
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Figure 3: Japan’s Estimated Domestic Hydrogen Demand 

 

Source: Clean Energy Strategy Interim Review (Ministry of Economy, Trade and Industry 2022, p. 62). 

It is also clear from Japan’s Clean Energy Strategy that domestic hydrogen production 
will not be at the levels needed to meet demands in 2050 (Figure 4). This is partly 
because the production of hydrogen as a by-product at oil refineries is limited. It is 
further compounded by the fact that green hydrogen produced from water electrolysis 
is also insufficient due to the shortage of renewable energy and the high cost of 
electrolyzers. This shortfall once again underscores the need for Japan to import 
hydrogen from other countries. Fortunately, some work in this area is already 
underway. A major hydrogen-related agenda for Japan is to develop a robust hydrogen 
supply chain (Nakano 2021), with a plan to invest up to 300 billion Japanese yen 
toward that end (Reuters 2021).  

Figure 4: Prospective Hydrogen Demand and Supply Image in 2050 

 

Source: Discussion toward the realization of 2050 carbon neutral (Ministry of Trade, Industry and Energy 2020). 
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Though Japan’s relevant policies and strategies increasingly suggest the importance of 
hydrogen, the support for gray, blue, and green hydrogen is still unclear. For instance, 
METI’s Ideal Energy Policy towards 2030 states: “[I]t is an important approach to 
expand the hydrogen market by spreading gray hydrogen for the time being, then 
introduce blue and green hydrogen with technology development and cost reduction” 
(Ministry of Economy, Trade and Industry 2021). The report does not state when Japan 
will switch from gray to blue and green hydrogen or how to procure hydrogen overseas. 
In other instances, METI appears to back hydrogen and ammonia co-firing by quoting 
IAEA World Energy Outlook 2019 data showing that in 2040 Asia and the Pacific will 
still depend on coal in the power sector comprising 40% of 1,820 GW (Ministry of 
Economy, Trade and Industry 2022).  

Other more general signs of uncertainty include a lack of clarity on how Japan sees the 
phasing out of coal. On this point, several other countries (CoP UK2021 2021) have 
committed to the Global Coal to Clean Power Transition Statement at COP 26 in 2021 
and to ending coal within the 2040s. Instead, Japan has supported the policy to co-fire 
coal with ammonia and hydrogen with natural gas for power generation as well as 
using hydrogen in hard-to-abate industrial sectors.  

4. THE BENEFITS OF TRANSITIONING  
TO GREEN HYDROGEN 

This section argues that there are significant benefits to be gained from greater clarity 
about the transition to green hydrogen. Some of these benefits involve stronger 
alignment with Japan’s international decarbonization strategy, while others involve 
enhanced coherence with local revitalization strategies. 

Strengthening Energy Security 

Japan is heavily reliant on imported fossil fuels, such as oil and natural gas, to meet its 
energy needs. This reliance makes it vulnerable to price fluctuations and supply 
disruptions, which can have negative impacts on the economy and the welfare of its 
citizens. By producing its green hydrogen using renewable energy sources, such as 
solar and wind, Japan can reduce its reliance on imported fossil fuels and increase  
its energy security. A study by Otsuki and colleagues (Otsuki et al. 2019) found that 
green hydrogen production using renewable energy sources could provide a stable and 
reliable source of energy for Japan, particularly in areas with high levels of renewable 
energy generation. The authors also noted that green hydrogen production could be 
integrated into Japan's existing energy infrastructure, including the power grid and 
natural gas network, which could help to increase the flexibility and resilience of the 
energy system. 

Alignment with Japan’s International Climate Strategy 

At COP 26, Prime Minister Kishida pledged up to $10 billion in funds over five years to 
support Asia’s decarbonization (see Figure 5 for an illustration of how technology 
assistance is being allocated to help achieve net-zero goals in Asia’s power sector). 
For geopolitical reasons, a significant proportion of this assistance will likely flow to 
Southeast Asia. Though Southeast Asia relied on renewables for nearly a quarter of its 
total generation—mostly from hydropower—there is considerable potential to introduce 
other forms of renewables that would support green hydrogen (International Energy 
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Agency 2022). Figure 5 compares the electricity capacity between the stated policies 
scenario (left) and the sustainable development scenario (right). In the STEPS,  
the share of renewables increases until it reaches nearly 40% by 2050. In the SDS 
(Figure 5), renewables would increase to 85%. To achieve a level of 85% by 2050, 
countries need to add 1,100 GW of renewable capacity in the next 30 years—
equivalent to the total renewable capacity of the PRC and India combined (International 
Energy Agency, 2022).  

Figure 5: Change in Electricity Capacity in the Stated Policies Scenario  
and Sustainable Development Scenario, 2020 to 2050 

 

Note: “Other low emissions” includes nuclear, CCUS, and other forms of renewables. 

Source: Southeast Asian Energy Outlook 2022 (International Energy Agency 2022). 

There is also evidence to suggest that transitions to hydrogen and hydrogen-based 
fuels such as ammonia could help reorganize the energy structure in Southeast Asia. 
Figure 6 shows the total demand for low-emission fuels in Southeast Asia in the SDS 
for the period 2000–2050. Brunei has begun exporting small amounts of hydrogen to 
Japan, while Indonesia, Malaysia, the Philippines, and Thailand are testing the use of 
green hydrogen. Malaysia and Indonesia are studying the possibility of using ammonia 
as a fuel in coal power plants with Japan, and both countries are working with Japan to 
develop hydrogen and ammonia supply chains. Thailand and Singapore are also 
pursuing similar initiatives. Some major oil and gas companies, including Petronas, 
Pertamina, and PTT, are planning investments in hydrogen supply chains (International 
Energy Agency 2022). In the above instances, it would be beneficial for Japan and 
partner countries to underline the synergies between projected investments in 
renewables and transitions to green hydrogen. 
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Figure 6: Total Demand for Low-Emission Fuels in Southeast Asia in the SDS, 
2000–2050 

 

Source: Southeast Asian Energy Outlook 2022 (International Energy Agency 2022). 

Coherence with Japan’s Local Revitalization Strategy 

Though hydrogen has been viewed as a potential alternative for the energy demand  
in heavy industries and freight transport, it also has a role in local revitalization.  
This is particularly true as green hydrogen development can help achieve many 
socioeconomic and environmental goals at the local level. For example, the 
development of new technologies and the creation of new jobs in the hydrogen industry 
could help to stimulate economic growth and innovation. In addition, Japan has the 
potential to be a leader in green hydrogen production and can use this position to 
cooperate with other countries in the region and beyond to accelerate the global 
transition to clean energy. This could help to create new business and trade 
opportunities for Japanese companies and boost the country's economy. 

The potential to deliver multiple benefits is already on display in some parts of Japan. 
To illustrate this, a local hydrogen society is gradually being developed in Shikaoi, 
Hokkaido. Shikaoi is a small town that relies heavily on dairy and upland farming 
activities. The town produces large amounts of livestock manure, using the excess 
manure to generate biogas and high-quality organic fertilizer. In 2015, Shikaoi began to 
develop a biogas-based hydrogen supply chain that produces, stores, transports, 
supplies, and uses hydrogen. Green hydrogen from this project is used for hydrogen 
for fueling vehicles. The project is now attempting to reduce emissions in the 
agriculture sector by powering agriculture vehicles with hydrogen energy. The project is 
still at the demonstration stage but intends to expand the demand and use of hydrogen 
in other activities such as dairy farming and vegetable warehousing within the region 
even after its completion (Ministry of the Environment of Japan 2019; Ministry of the 
Environment of Japan 2021).  

Other examples from Japan also suggest the potential for greater coherence with local 
development plans. For instance, a demonstration project using P2G technology is 
already underway in Fukushima Prefecture. The project will help address seasonal 
fluctuations related to grid and adjustment capacity problems (METI 2017). 
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Beyond the specific case of Shikaoi and Fukushima, there is significant scope to 
support the promotion of green hydrogen with local revitalization efforts more generally. 
Japan’s most recent Basic Environmental Plan emphasizes the concept of the 
Circulating and Ecological Sphere (CES). The CES is premised on the notion of 
integrating climate and biodiversity goals by relying more on local resources and 
optimizing resource flows between urban and rural areas. The emergence and spread 
of locally based hydrogen societies could mutually reinforce efforts to give shape and 
substance to the CES in Japan (Ortiz-Moya et al. 2021). These efforts could also help 
to popularize the concepts and their underlying principles in other parts of Asia, 
strengthening the alignment with Japan’s international climate strategy. 

5. JAPAN’S ROLE IN LEADING A HYDROGEN 
ECONOMY IN ASIA 

Japan has the potential to lead a pathway towards a hydrogen economy in Asia due to 
a combination of its advanced technology and competitive manufacturing environment. 
First, Japan has a strong track record of investing in research and development (R&D) 
in hydrogen-related technologies, including electrolysis, fuel cell technology, and 
hydrogen storage. This has enabled the country to develop a range of key technologies 
that are critical for the production, storage, and use of hydrogen. For example, Japan 
has developed advanced electrolysis systems that are highly efficient and can produce 
hydrogen using renewable energy sources such as solar and wind. It has also 
developed fuel cell technologies that can convert hydrogen into electricity with high 
efficiency and low emissions. 

Second, Japan has a competitive manufacturing environment that could accelerate the 
adoption of hydrogen technologies in the region. Japan has a well-developed industrial 
base and a strong tradition of innovation and technological leadership, which could 
make it an attractive partner for other countries in the region looking to adopt hydrogen 
technologies. In addition, Japan's relatively low labor costs and access to a large 
market could make it an attractive location for the production of hydrogen technologies, 
which could help to drive down costs and increase the competitiveness of these 
technologies globally. 

Overall, Japan's advanced technology and competitive manufacturing environment 
position it well to lead the way in the transition to a hydrogen economy in Asia. 
However, it is important to note that this transition will require the cooperation and 
collaboration of a wide range of stakeholders, including governments, companies, 
research institutions, and civil society organizations. By working together, Japan and 
other countries in the region can accelerate the adoption of hydrogen technologies and 
contribute to the global effort to combat climate change. 

Hydrogen Technology and Innovation: Japan’s Leading Role in 
Asia 

Innovation in hydrogen energy is driving the development of new technologies  
and methods for producing, storing, and using hydrogen as a fuel. This includes 
advancements in electrolysis, fuel cells, and hydrogen storage systems, as well as the 
development of new hydrogen-powered vehicles. In Asia, Japan has been playing an 
important role in the research and development aimed at making hydrogen more cost-
effective and widely available as a clean energy source. 
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A recent study conducted by the International Energy Agency (IEA 2023) uses the 
published International Patent Families (IPFs) as a metric to measure patenting 
activities in different categories of hydrogen-related technologies. The analysis focuses 
on the global geography of hydrogen innovation by looking at the locations of 
applicants and inventors of IPFs for hydrogen-related technologies. Japan has the 
largest number of IPFs (see Table 1) in the hydrogen sector in the world. In the Asian 
region, though several countries have been shaping ambitious hydrogen development 
plans, they do not have a notable number of original inventions. Nonetheless, countries 
like the Republic of Korea and the PRC have been investing strongly in hydrogen 
technologies. 

Table 1: Revealed Technology Advantages in Hydrogen Technologies  
by Value Chain Segments, 2011–2020 

 

Share of All  
Hydrogen-Related IPFs Production 

Storage, Distribution,  
and Transformation 

Industrial 
Applications 

Japan 24% 20% 22% 28% 

US 20% 19% 23% 19% 

Germany 11% 10% 14% 12% 

Rep. of Korea 7% 6% 5% 9% 

France 6% 7% 9% 4% 

PRC 4% 5% 3% 3% 

Netherlands 3% 4% 2% 3% 

UK 3% 3% 2% 2% 

Switzerland 2% 2% 1% 2% 

Canada 2% 2% 2% 1% 

Source: (IEA 2023). 

Japanese innovations can help to improve the efficiency and cost-effectiveness  
of hydrogen production, storage, and distribution, making it more competitive. 
Collaborating with Asian countries can help accelerate the transformation of Japan's 
hydrogen innovation into the production, storage, and application of technology in the 
region in several ways. By working together, Japan and other Asian countries can 
share their knowledge and expertise in hydrogen technology, leading to faster progress 
in areas such as hydrogen production and fuel cell development. Such collaborations 
can allow for more efficient use of resources, such as funding and infrastructure, and 
help to create economies of scale in the production and distribution of hydrogen. 
Working with countries like India, which have ambitious hydrogen development  
plans, can help to standardize and harmonize standards and regulations, which would 
increase the accessibility for countries to trade hydrogen and hydrogen-related 
products and services, boost the cooperation and interconnection of hydrogen 
infrastructure, and accelerate the deployment of hydrogen across Asia.  
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Can Co-innovation Help Boost Japan’s Collaboration  
with Asian Economies in Developing Hydrogen? 

Co-innovation is a collaborative process in which different organizations, such as 
companies, research institutions, and government agencies, work together to jointly 
innovate technology, and develop and produce new products and services. This 
approach can be particularly effective in the field of hydrogen production, as it allows 
different stakeholders to share knowledge, resources, and expertise in order to 
accelerate the development and commercialization of hydrogen technologies. 

Figure 7: Co-innovation Framework 

 

Source: (Janardhanan et al. 2020; Janardhanan et al. 2021). 

There are several ways in which co-innovation can help Japan and other Asian 
countries to jointly innovate technology, and develop and produce hydrogen. First, co-
innovation can facilitate the sharing of knowledge and expertise among different 
organizations, which can lead to more efficient and effective innovation. For example, 
companies can collaborate with research institutions to access specialized knowledge 
and expertise in areas such as electrolysis, fuel cell technology, and hydrogen storage. 
This can help to speed up the development and commercialization of hydrogen 
technologies, as well as reducing the costs and risks associated with innovation. 
Second, co-innovation can allow different organizations to share resources and 
infrastructure. Third, co-innovation can enable Japanese and other Asian companies to 
work together to share risks and rewards. Overall, co-innovation can be a powerful tool 
for Japan and other Asian countries to jointly innovate technology, and develop and 
produce hydrogen. By fostering collaboration and aligning incentives among different 
stakeholders, co-innovation can help to accelerate the transition to a hydrogen 
economy and contribute to the global effort to combat climate change. 
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6. RECOMMENDATIONS  

The previous sections suggested that there are both considerable barriers and benefits 
to promoting a transition to green hydrogen for Japan. These include a stronger 
alignment with international climate strategies and local revitalization plans. At the 
same time, relevant national hydrogen policies and strategies have remained 
ambiguous on Japan’s commitment to transitioning to green hydrogen. This could 
result in a lost opportunity for Japan. Several recommendations follow that can help 
Japan capitalize on this opportunity. The first recommendation is to provide greater 
clarity in national policies on the intention to support the transition to green hydrogen. 
This clarity can be demonstrated through the use of more precise language in relevant 
policy statements, as well as the inclusion of visible milestones that are consistent with 
timetables for nationally determined contributions (NDCs). In addition, policy 
statements should place a greater emphasis on transition pathways, rather than just 
one-off demonstration projects, in order to provide a clearer roadmap for the shift to 
green hydrogen. It is also important to highlight the climate benefits of green hydrogen 
in these policy statements and contrast them with the delays that can occur when 
transitioning to green hydrogen. There is evidence to support the effectiveness of such 
approaches: For instance, a study by the International Renewable Energy Agency 
(IRENA) found that clear, long-term policy frameworks and targets are key to 
increasing the deployment of renewable energy technologies, including hydrogen.  

A second recommendation is to strengthen the connections between hydrogen policies 
and strategies and local revitalization plans. For example, supporting and showcasing 
successful demonstrations of hydrogen use, like those in Shikaoi town in Japan, can be 
helpful. Additionally, providing funding to support more demonstrations in areas that 
are focused on addressing climate change or climate-energy systems (CESs) can be 
useful. Another suggestion is to offer localities stronger incentives to develop and 
implement their plans for locally relevant hydrogen societies, to scale up local 
experiments. Lastly, the national government should strengthen the necessary 
infrastructure to support the transportation of hydrogen fuels from rural to urban areas.  

A third recommendation is to bring the same level of clarity and commitment to green 
hydrogen in international climate strategies. By expressing the intention to build a 
sustainable hydrogen supply chain, rather than just any hydrogen supply chain, 
countries can better align with regional decarbonization plans and encourage partner 
countries to see the value of strengthening connections between their renewable 
energy and green hydrogen plans. This can also be achieved by placing a greater 
emphasis on a mutually beneficial process of co-innovation, rather than one-way 
technology transfer. Establishing a hydrogen economy in Asia will require a functioning 
hydrogen market that enables cooperation and trade within the region and beyond. To 
capture the benefits of leadership in this market, it is essential to adopt a co-innovation 
process that facilitates and shares the benefits of the transition to green hydrogen. 

A fourth recommendation is to allocate a significant portion of the funds pledged by the 
Japanese Prime Minister, Kishida, during CoP21 (Okutsu 2021), towards supporting 
the development and deployment of green hydrogen technologies in Asia. This can be 
achieved through collaboration with local governments and private sectors in the 
region, including joint research and development projects, technology transfer, and 
demonstration projects. To maximize the impact of these funds, it is important to 
prioritize projects that have the potential to scale up and achieve significant emissions 
reductions in the region. This funding can also be used to support capacity building in 
the region, such as training programs for policymakers, local engineers, and 
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technicians in green hydrogen technologies, and to support the development of 
necessary infrastructure for green hydrogen production and transportation. 

A fifth recommendation pertains to countries outside Japan. Several countries in 
developing Asia have been shaping strategies to include hydrogen in their energy mix. 
Developing countries in Asia would be well advised to reinforce these domestic efforts 
by establishing agreements for joint research and development, technology transfer, 
and investment in the hydrogen sector. These agreements could include the exchange 
of technical knowledge, funding support, and sharing best practices. Additionally, 
developing countries in Asia can work together with Japan to promote regional 
cooperation in the hydrogen sector. This could include establishing a regional hydrogen 
market, sharing infrastructure for hydrogen production and distribution, and 
coordinating policy approaches to support the deployment of hydrogen technologies. 
Moreover, developing countries in Asia can collaborate with Japan to develop a joint 
roadmap for the development of the hydrogen sector in the region. This roadmap could 
include specific targets, timelines, and actions to promote the deployment of hydrogen 
technologies and infrastructure. 

These efforts can help developing countries in Asia to not only benefit from Japan's 
advanced technology and expertise in green hydrogen but also to build stronger 
collaboration in the region for the deployment of hydrogen technologies. The policy 
takeaway for these countries is the importance of having a clear roadmap for the 
deployment of hydrogen technologies and infrastructure, establishing strong policy 
frameworks, and promoting regional cooperation to build a sustainable hydrogen 
economy. Further, collaborating with advanced countries like Japan can help them 
leapfrog in the development of green hydrogen technologies and provide access to 
funding and technical expertise. 

7. CONCLUSION 

The idea of a hydrogen society in Asia is gaining traction in international policy circles 
and particularly in Japan. The growing interest makes sense for Japan: It is an 
industrially advanced economy with a strong track record of investing in hydrogen-
related research and development, and it has the potential to lead the way in the large-
scale commercialization of, and collaboration on, hydrogen in the region. As an 
industrially advanced economy, it has already invested in hydrogen-related R&D and 
developed key hydrogen-related technologies (Otsuki et al. 2019; Janardhanan et al. 
2021). Japan's advanced technology, combined with the competitive manufacturing 
environment in developing countries in Asia, could accelerate the transition to a 
hydrogen society in the region. However, a lack of clarity about the transition to green 
hydrogen could hinder efforts to use hydrogen to meet ambitious climate targets. This 
paper recommends a set of policies for Japan to consider in its national and regional 
efforts to promote the use of hydrogen in Asia. While the focus of this paper is on 
Japan, many of these recommendations apply to other countries in and outside of Asia. 
By embracing greater clarity about the transition to green hydrogen, countries have the 
opportunity to benefit both the planet and its inhabitants. 
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